Thermotransport of Gold in Solid Lithium Metal
The thermotransport of Au in Li metal has been measured, using a steady state technique. The effective heat of transport, Q**/g, of the Au impurity was found to be +4.1 kcal/mole, whidi is less than half the activation energy for isothermal diffusion of Au in Li. The diffusion mechanism cannot be determined unambiguously, but the results support the notion of interstitial transport.
In an effort to shed light upon the diffusion mechanisms in the lithium lattice, we have undertaken a study of the thermotransport of metallic impurities in lithium. Since the isothermal diffusion of such impurities in lithium has been extensively studied by OTT et al. l , thermotransport experiments present a logic step forward. They are also a continuation of our own measurements of thermotransport and electrotransport in pure lithium 2 . This paper gives preliminary results on thermotransport of 195 Au in Li, employing a steadystate tracer technique.
The experimental set-up is somewhat similar to those of JAFFE and SHEWMON 3 , BIERMANN, HEITKAMP and LUNDY 4 , and WINTER and DRICKAMER 5 . A cylindrical sample (diameter 18.5 mm, length 2 mm), clamped between two copper blocks, and with initially homogeneous concentration of the impurity, is maintained under a temperature gradient of about 150°/cm. The experiments are conducted in a vacuum better than 5 x 10~6 Torr, and the copper blocks are heated/cooled by silicone oil/glycerol-ethanol kept at constant temperatures by two commercial oil baths.
After a sufficient time for practically attaining steady state, the sample is sectioned into about 15 slices. The distribution of the tracer impurity is then obtained by a procedure, similar to that used by MUNDY et al. 6 . The Li metal, of 3N5 grade, was obtained from the Foote Lithium Corporation. The 195 Au isotope was obtained from NEN Chemicals, Germany, and free of radioactive impurities. The homogeneous samples were made by evaporating 6 a thin active layer onto one side of the sample and then annealing during 4 days near the melting point of lithium. That the impurity was then actually uniformly distributed was checked by taking off and analyzing two thin slices, one on each side of the specimen. This also served to give us flat, smooth and clean surfaces in contact with the copper blocks.
The temperature is measured at two points of the sample, using stainless steel clad cromel-alumel thermo- Knowing the temperature at two points of the specimen and the thickness of each slice, and assuming a linear temperature gradient (probably true for this sample geometry apart from a thin region at each flat surface) one can readily calculate the temperature in the middle of each slice. The logarithm of the specific activity of each slice is then plotted versus the inversed temperature. One such graph is shown in Fig. 1 where the straight line is a least-square-fit of the data points. 
Here c is the impurity concentration, T the absolute temperature, R the gas constant. The effective correlation factor g entails the possible deviation from NernstEinstein ion conductivity.
The values of Q**/g for each specimen are listed in Table 1 together with a wide estimate of their margins of error, which mainly depend on temperature fluctuations at the cold end. Calculating first Q* for the assumption of a simple vacancy mechanism we arrive at an approximate value Q* = 3.9 kcal/mole. From the now classical WirtzBrinkman-LeClaire treatment of thermotransport, one has that Q* should be about equal to the difference between the energy of migration, Em , and that of formation, E[. Accordingly, for thermotransport of Au in Li, this would then mean that EIn exceeds E{ by a fairly large amount, a quite remarkable result, bearing in mind that the alkalis (especially Li) are very open structures. Direct measurements on both Na and Li find Ef for vacancies to be definitely greater than Em 10 ' n . We therefore conclude that the simple vacancy mechanism alone cannot be responsible for the thermotransport of the Au-atoms.
In sodium results from self-diffusion 12 and from dilatometric measurements 10 have been tentatively interpreted in terms of a relaxed vacancy-type mechanism. According to a recent computer simulation of the diffusion process by TORRENS and GERL 13 , there is no large relaxation around a vacancy in lithium. The same is implied by calculations on alkalis by SHYU et al. 14 . Therefore it seems that a vacancy-type defect mechanism cannot alone be operating in thermotransport.
The calculations of TORRENS and GERL 13 however suggest that interstitials could exist in similar concentrations as vacancies. FEDER 11 in his dilatometric determination of defect concentration in Li, arrives at a result, suggesting that, although vacancies are found to be the dominant defect in thermal expansion, interstitials may well also be present. That interstitials may be important in self-diffusion is also implied by activation volume measurements on Li 15 . Furthermore, other experiments [16] [17] [18] (isothermal impurity diffusion in various systems) have been given interpretations in terms of interstitials.
One would accordingly like to suggest that an interstitial-like mechanism operates in the thermotransport of Au in Li. A simple interstitial is however not quantitatively compatible with our results, as from the WirtzBrinkman-LeClaire theory one has that Q* should then be equal to the activation energy of diffusion (11.0 kcal/mole, ref. 9 ). This is not so in our case. One explanation may be the postulate of some kind of "mixed"' interstitial mechanism. Such an explanation is favoured by our own experiments on thermotransport in pure Li 2 . We found a large positive value for (Q*/g) Li ? an( L surprisingly, an isotope effect in the "wrong" direction ( 6 Li was enriched at the hot part of the specimen). Another possibility is that the NernstEinstein factor g is responsible. If a split interstitial is operating, each diffusive step may entail a shorter displacement of energy, making g less than unity (see ref. 19 ).
Summing up, these results can not be interpreted in terms of a simple kind of defect, but the evidence suggests that an interstitial type of mechanism may be the one mainly responsible for thermotransport of Au in Li. Further experimental and theoretical work in this field should be illuminating.
